ABSTRACT -The objective of this work was to estimate requirements of digestible methionine + cystine for broiler chickens from 1 to 42 days of age. It was carried out four experiments for each one of the following phases: pre-initial, initial, growing and final. The birds were distributed in a completely randomized experimental design, with six treatments and six replicates. Treatments consisted of a basal feed for each phase, deficient in digestible methionine + cystine and supplemented with DL-methionine to supply six levels of digestible methionine + cystine, resulting in different digestible methionine + cystine:digestible lysine ratios. In the pre-initial phase, levels of digestible methionine + cystine did not influence feed intake and feed conversion. However, weight gain responded in a quadratic way. In the initial phase, levels of digestible methionine + cystine had decreasing linear effect on feed intake whereas weight gain and feed conversion were influenced in a quadratic manner. In the growth and final phases, feed intake was not influenced by levels of digestible methionine + cystine, but weight gain and feed conversion presented quadratic response. The levels of 0.873; 0.755; 0.748 and 0.661% of digestible methionine + cystine in the diet or the daily intake of 183; 575; 1,104 and 1,212 mg of digestible methionine + cystine are recommended for the pre-initial, initial, growth and final phases, respectively, which corresponds to the ratios of 71; 70; 76 and 72% of digestible methionine + cystine to digestible lysine. 
Introduction
Protein is a key nutrient in poultry nutrition and has a significant share in the cost of the diet formulation, directly influencing feed conversion, carcass quality, and weight gain of animals. However, birds have requirements of amino acid met but not of crude protein (Nascimento, 2004) . Thus, a better understanding of the nutritional requirements of individual amino acids allows a more precise nutrition, offering the possibility for the formulator to partially replace the requirement of at least minimum levels of crude protein by essential amino acids requirements, generating lower costs for the producer and lower emissions to the environment (Suida, 2001) .
In most situations, the sulfur amino acids methionine and cystine are limiting in diets for commercial broilers (Fatufe & Rodehutscord, 2005) , making it essential to supplement the diet with synthetic methionine for best performance and economic results. According to Al-Mayah (2006) , methionine can be economically added in most diets for broilers, which reduces the levels of crude protein and, therefore, the quantities of soybean meal in those diets.
Methionine can be converted irreversibly to cysteine via transulfuration. Therefore, cystine can be considered as a nonessential amino acid, provided that the supply of methionine is appropriate (Pillai, 2005) . Thus, the requirements of these amino acids are usually considered together as requirements for methionine + cystine.
Sulfur amino acids are used by broilers in several metabolic functions as primary constituents of structural proteins and protection with regard to the production of antibodies (Albino et al., 1999) . Methionine is the most important donor of methyl radical in the body and it is required for the biosynthesis of many important substances involved in growth, such as creatine, carnitine, polyamines, epinephrine, melatonin and choline (Baker et al., 1996 ). Moran Jr. (1994 reported that the deficiency in methionine reduces weight gain, feed efficiency and protein content in the carcass, and stimulate feed intake when this deficiency is not hard, contributing to additional energy causing an increase in body fat deposition.
Thus, this study was conducted to estimate the digestible methionine + cystine requirements for broilers from 1 to 42 days of age.
Material and Methods
Four experiments were conducted in Universidade Federal da Paraíba. It was used 2,700 Cobb broiler chicks males, with 900 chicks for the pre-starter (from 1 to 7 days of age) phase, 720 for the initial phase (from 8 to 21 days of age), 540 to the growing phase (from 22 to 35 days of age) and 540 for the final phase (from 36 to 42 days of age), with initial weights of 44.9 ± 0.6 g; 196.1 ± 2.5 g; 936.4 ± 12.3 g and 2189.0 ± 31.1 g, respectively. The birds were distributed in a completely randomized design with six treatments, each one with six replications, with 25 chicks per experimental unit in the pre-initial phase, 20 chicks in initial phase and 15 chicks in growing and final phases.
The treatments consisted on a basal diet for each phase (Table 1) formulated to meet the nutritional requirements of broilers according to Rostagno et al. (2005) , except for lysine and methionine + cystine. The levels of digestible lysine used in experimental diets(1.234% for the pre-initial phase; 1.084% for the initial phase, 0.978% for growing phase and 0.947% for the final phase) were determined by the performance of the broilers in previous experiments carried out in the Universidade Federal da Paraíba. The levels of digestible methionine + cystine were: 0.734; 0.794; 0.854; 0.914; 0.974 and 1.034% in the pre-initial phase; 0.604; 0.664; 0.724; 0.784; 0.844 and 0.904% in the initial phase, 0.563; 0.623; 0.683; 0.743; 0.803 and 0.863% in the growing phase and 0.522; 0.582; 0.642; 0.702; 0.762 and 0.822% in the final phases. The variation in digestible methionine + cystine levels was obtained by supplementation of DL-methionine instead of corn starch.
During the pre-initial and initial phases, chicks were housed in type "Brasilia" metal cage, with floor screen, containing feeders and drinkers. The heating of the facility was carried out through an electrical system, with 60-W incandescent lamps until 14 days of age. In the final two phases, the chickens were housed in pens measuring 1.40 × 1.80 m, with concret floors covered with cane sugar byproduct, and tubular feeders and drinkers.
The birds used in the initial stages of growing and final phases were reared in another facility until the beginning of the experiment when they were then weighed individually and distributed in the experimental treatments. During the pre-experimental phase, chicks were reared in floor covered with sugar cane byproduct, heated by a gas heater and they were fed diets formulated to meet the requirements of each stage (Rostagno et al., 2005) ad libitum. It was used a continuous (24 hours of light = natural + artificial) lighting regimen throughout the period (pre-experimental and experimental).
The variables were the following: feed intake (FI), weight gain (WG) and feed conversion (FC), for all phases, and carcass yield, breast, drumstick and thigh weight and relative heart, liver, abdominal fat and gizzards for the final.
Feed intake was calculated as the difference between the amount of feed supplied and refusals at the end of each experiment. To determine weight gain, the birds were weighed at the beginning and at the end of each phase. Feed conversion was calculated by dividing the total feed intake by weight gain during the period, adjusting the data by weighing the remains of dead birds and feed whenever there was a dead bird.
At 42 days of age, three birds weighing representative of the average weight of the parcel were selected to the slaughter and carcass evaluation. For carcass d etermination, it was considered the weight of the eviscerated carcass in relation to body weight after fasting. The yield of prime cuts was determined by the weight of the eviscerated carcass (with head and feet) whereas the relative weights of organs were calculated in relation to body weight during the fasting period.
The results were statistically analyzed by using the program SAEG-System for Statistical Analysis and Genetics (Universidade Federal de Viçosa, 1999) . It was realized regression analysis by using linear and quadratic effects to determine the digestible methionine + cystine requirement.
Results and Discussion
There was no effect of levels of digestible methionine + cystine on feed intake and feed conversion of chicks in the pre-initial phase. However, weight gain responded quadratically (Table 2) , with the greatest estimated gain to the level of 0.873% digestible methionine + cystine, by the equation y = -241.84 + 889.69x -509.69x 2 (r 2 = 0.92) or daily consumption of 183 mg of digestible methionine + cystine per bird.
According to Brugalli (2003) , the response of an animal to a limiting nutrient, generally follows the law of diminishing returns. This means that animal performance improvement in a non-linear way with increasing dietary supplementation of the nutrient until the maximum potential growth of the animal, under the management conditions to which it is subjected, is fully expressed and the greatest addition of the nutrient does not promote any additional response performance. For the studied nutrients, the increased levels of digestible methionine + cystine probably promoted greater protein deposition, resulting in greater weight gain. vit. -0.015 g; nicotinic acid -25 g; pantothenic acid -10 g; K 3 vit. -3.0 g; folic acid -1.0 g; zinc bacitracin -10 g; Se -250 mg; antioxidant BHT -10 g; vehicle q.s.p. -1,000 g. 4 Etoxiquim -10 g; vehicle q.s.p. -1,000 g. 5 Enradin = 100 g/ton + colistin = 20 g/ton. Brito et al. (2004) , using diets with 20% CP and 0.641 and 0.926% methionine + cystine, or 22% CP and 0.705 and 0.926% methionine + cystine (total) found no difference on weight gain of broiler chicks during 1-7 day-of-age phase. Moreover, Sklan & Noy (2003) observed maximum body weight and feed efficiency to seven day-of-age chicks fed diets containing 0.91% methionine + cystine (total). Leandro et al. (2007) , assessing levels of methionine (0.458, 0.507, 0.559 and 0.611%) at levels of 0.795; 0.847; 0.900 and 0.952% methionine + cystine (total) in pre-starter diets for broiler chicks found no significant answers for feed intake, weight gain and feed conversion, but the best results for weight at 7 days of age were tested at 0.900 and 0.952% methionine + cystine.
The application of lysine (1.234%) used in the formulation of experimental diets determined in previous experiment at the Universidade Federal da Paraíba was 93% out of 91 suggested by Brazilian tables for poultry and swine (Rostagno et al., 2005) . The level of digestible methionine + cystine, resulting in better weight gain of chickens was 92.5% of the tabulated value (0.944%). By using this level, the ratio of digestible methionine + cystine to digestible lysine diet was 71%, which is similar to the relationship established by Rostagno et al. (2005) for chickens from 1 to 21 days of age.
However, Andrade (2000), cited by Leandro et al. (2007) , using isocaloric and isonitrogenous diets but with different ratios of amino acids, found that body weight, weight gain and feed conversion of broiler chicks in first week of life were significantly improved in birds fed diets with methionine + cystine:lysine of 76%.
In the initial phase, there was a linear effect of digestible methionine + cystine levels on the feed intake (Table 3) , and for every 0.06% increase in the amino acid, there is an estimated reduction of 19.1 g in consumption, by the equation y = 1307.8 -319.32 x (r 2 = 0.91).
According to Moran Junior (1994), studies have shown that broilers increase the consumption of food when the diet contains inadequate amounts of methionine. However, in this study, this effect of increased feed intake by birds fed diets with lower levels of digestible methionine + cystine was not found in the initial phase.
Weight gain and feed conversion showed a quadratic response (Table 3 ). The greatest gain (770.5 g / bird) and the best conversion (1.402) were estimated by the levels of 0.711 and 0.755% digestible methionine + cystine in the diet, respectively, by the equations y = -465.2 + 3478.3x -2447.7x 2 (r 2 = 0.94) and y = 3.6582 to 5.9757x + 3.9571x 2 (r 2 = 0.99), corresponding to a daily intake of 549 and 575 mg of digestible methionine + cystine per bird.
The ratio of digestible methionine + cystine to digestible lysine estimated for best feed conversion was 70%, lower than that found in Rostagno et al. (2005) , that was 71%. Similarly, in this phase, the application of digestible lysine determined in previous experiment (1.084%) was 95% of the tabulated (1.146%) whereas the value found for digestible methionine + cystine represents 93% of the tabulated one (0.814%). These results demonstrated that, although the amino acid requirements for broilers were lower (on average 93%) than those recommended by Rostagno et al. (2005) , the digestible methionine + cystine to lysine ratio remained almost unchanged, reinforcing the concept of ideal protein Q** -Quadratic effect at 1% probability; CV -coefficient of variation; ns -not significant. Q** -Quadratic effect at 1% probability; Q* -quadratic effect at 5% probability; L** -linear effect at 1% probability; CV -coefficient of variation. Table 3 -Feed intake, weight gain and feed conversion of broilers, according to digestible methionine + cystine levels in the initial diet in which the quantities of amino acids determined in relation to the requirement of lysine. Feed intake was not influenced by increasing levels of digestible methionine + cystine of the diet (Table 4) . This result was similar to those obtained by Oliveira Neto et al. (2007) , who also found no relationship among the levels of sulfur amino acids on the feed intake of broilers in the growing phase. However, Rodrigueiro et al. (2000) found linear effect so feed intake increased with increasing digestible methionine + cystine levels in the diet. Kiraz & engül (2004) evaluated two different diets for male broilers from 35 to 45 days of age, so one was prepared normally with 0.81% of methionine + cystine whereas the other was deficient in these amino acids, with 0.52% of methionine + cystine. It was verified that the first symptom of amino acid deficiency in diets was a reduction of appetite in the animals. When adequate feeding was given after methionine-deficient diet, the feed intake values were adjusted to the normal level on the same day.
The variation in results among studies may be related to differences in the level of protein and amino acid profile of diets, among other factors, such as genetics, gender and environment.
There were significant levels of digestible methionine + cystine on weight gain and feed conversion, with estimated levels of 0.748 and 0.758% digestible methionine + cystine in the diet (y = -1742.7 + 7816.6x -5224, 5x 2 , r 2 = 0.99 and y = 6.8206 to 13.394x + 8.8294x 2 , r 2 = 0.92), corresponding to a daily intake of 1,104 and 1,119 mg/bird for better gain and conversion, respectively. By using the level of digestible methionine + cystine, which resulted in better feed conversion, it was calculated the digestible methionine + cystine to digestible lysine ratio of 76% in the diet and it was higher than the one recommended by Rostagno et al. (2005) 
(72%).
In the final phase, digestible methionine + cystine levels did not affect feed intake, whereas weight gain and feed conversion showed a quadratic response (Table 5) , and estimated the optimum levels of 0.661 and 0.667% in feed, by using equations y = -1464.1 + 6623x -5004x 2 (r 2 = 0.90) and y = 7.5165 to 17.208x + 12.892x 2 (r 2 = 0.77), respectively. By using the level of 0.661% of digestible methionine + cystine, which provided the best weight gain (higher coefficient of determination) and the average feed intake of broilers, it is estimated that daily consumption of 1,212 mg of digestible methionine + cystine per bird is enough for optimal performance. Thus, the digestible methionine + cystine:lysine ratio for this phase is 72%.
In most works found in literature, the methionine + cystine requirements were determined for the period from 22 to 42 days of age (Rodrigueiro et al., 2000; Amarante Júnior et al., 2004; Oliveira Neto et al., 2007) . Rodrigueiro et al. (2000) evaluated the effects of methionine + cystine levels on male broilers performance and observed a quadratic effect on weight gain and feed conversion, estimating the requirement by 0.896% in growing diet (22 to 42 days of age).
A study by Kalinowski et al. (2003) was carried out to determine the levels of cystine and methionine separately for broilers of fast and slow feathering during the period from 3 to 6 weeks of age. By combining the values methionine and cystine, the requirements for total sulfur amino acids resulting in slow and fast feathering broilers were 0.83 and 0.88% respectively.
Amarante Júnior et al. (2005) , by considering the performance data, estimated 0.823% of total methionine + cystine for better performance of broilers in the period from 22 to 42 days of age, corresponding to 0.793% of Q** -Quadratic effect at 1% probability; CV -coefficient of variation; ns -not significant. Table 4 -Feed intake, weight gain and feed conversion of broilers, according to digestible methionine + cystine levels in the growing diet Q** -Quadratic effect at 1% probability; CV -coefficient of variation; ns -not significant.
digestible methionine + cystine. Similarly, Oliveira Neto et al. (2007) found a quadratic effect of methionine + cystine levels on feed conversion of broilers at the same age, recommending 0.661% of digestible methionine + cystine in the diet, which corresponded to the digestible methionine + cystine:digestible lysine ratio of 72%. There was no effect of levels of digestible methionine + cystine in any of the carcass traits evaluated (Table 6) .
In an experiment carried out by Oliveira Neto et al. (2007) to determine the requirement of methionine + cystine for broilers from 22 to 42 days of age kept under thermoneutral environment (23.5°C), it was verified that the methionine + cystine levels influenced positively drumstick absolute weigh and thigh relative weight. No effect on absolute or relative weight of breast, carcass and abdomen, thigh absolute weight, and drumstick relative weight, or relative and absolute weight of the organs (heart, liver and gizzard) was verified.
One of the factors affecting the quality of carcasses in broilers is the abdominal fat ratio. Excess fattening in chicken carcasses is not desirable because of the consumer preferences, and excess fattening causes some difficulties in slaughtering and it lowers the rate of feed efficiency of broilers.According to Leenstra (1986) , the abdominal fat tissue is approximately 2-3% of the broiler live weight. In the present study, the values of abdominal fat ranged from 1.35 to 1.63% of live weight fasting. Kalinowski et al. (2003) reported that supplementation of methionine to meet total sulfur amino acid need has been previously observed to improve breast meat yield with broilers at similar age with optimization occurring at levels exceeding those required for maximum growth performance. According to these authors, the most prominent response of breast meat compared to weight gain when methionine is first limiting can be explained in terms of growth uncomplicated by fat deposition based on the modeling equations of Gous et al. (1999) . However, in this study, the effect of increased levels of methionine were not observed.
Conclusions
It is recommended 0.873; 0.755; 0.748 and 0.661% of digestible methionine + cystine in the diet or the daily intake of 183; 575; 1,104 and 1,212 mg of digestible methionine + cystine for the pre-initial, initial, growing and final phases, respectively, resulting in digestible methionine + cystine:digestible lysine ratios of 71; 70; 76 and 72%. Table 6 -Absolute and relative weights of edible viscera and abdominal fat of broilers at 42 days, according to digestible methionine + cystine levels in the final diet
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